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ABSTRACT
A Comparison of the Army Corps of Engineers Hydrologic Modeling System and Autodesk
Storm and Sanitary Analysis for Hydraulic and Hydrologic Analysis and Design
Foster Josef Heifetz Campbell
Hydrological and hydraulic effects of urban development is one of the key issues of study
for improved water management. The addition of impervious surfaces to once pervious land and
re-routing open channels and flow paths can cause flooding or declining water levels within a
watershed. Many studies of these issues have found that there can be multiple factors causing
hydrological and hydraulic impacts, and it can be hard to analyze and develop effective solutions
without appropriate drainage software packages. However, there are multiple software packages
available for use, and determining the correct one to use for a specific challenge can often be a
case by case decision. This study compares two drainage software packages: Autodesk Storm
and Sanitary Analysis (SSA), and the Army Corps of Engineers Hydrologic Modeling System
(HEC-HMS). Each of these software packages are used to create a model of the Andrée Clark
Bird Refuge in Santa Barbara, CA. The models analyze both current conditions and anticipated
system response under the assumption that historical runoff from a previously re-routed creek
and corresponding watershed are restored. Each model was used to determine the minimum
cumulative rainfall that causes circulation of the water body, a maximum cumulative rainfall that
causes flooding on site, and response under both routing scenarios to a 2-year frequency storm.
Results from both models are compared for uniformity, and application of each model is
reviewed for its efficacy as a design tool for this sort of hydrological and hydraulic analysis.
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1.0 - Introduction
A key issue of hydrological study today is the impact of urban development and rerouting channels on watersheds and receiving water bodies. Urban development increases the
amount of impervious areas within a watershed, which results in less infiltration and more
surface runoff (McBride and Booth, 2005). Re-routing natural channels can either increase or
decrease flow at downstream locations, which can have infinite ramifications.
Urban Development has caused a decrease of freshwater inflow and elimination of
saltwater inflow for the Andrée Clark Bird Refuge (Refuge) as seen in Figure 1.0.1. The Refuge
is located in Santa Barbara, CA and subdivided into two areas: a large, shallow freshwater pond,
and a small catchment area. Due to development of the surrounding area from the late 1800’s to
the present day, the freshwater influent to the Refuge has decreased over time, while saltwater
intake from the Pacific Ocean has been completely eliminated (City of Santa Barbara, 2018).
These developments have led to reduced drainage in the Refuge, resulting in poor water quality
that can cause an unpleasant odor in the surrounding areas. Consulting firm Anchor QEA is
currently working with the City of Santa Barbara to create a solution to address the odor and
water quality problems that will consider the multiple factors as to why there are such issues at
this site.
One proposed theory is water quality and odor days could be significantly reduced or
eliminated if the Refuge was able to drain into the ocean more frequently, which would decrease
water stagnation within the entirety of the system. One way to accomplish this would be to
reconfigure Sycamore Creek, a nearby stream, to flow into the Refuge to mimic historical
conditions before development of the surrounding areas. This reconfiguration would add
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additional fresh water into the Refuge which should in turn cause the system to drain into the
ocean more frequently.
While there have been numerous proposals to address the water quality and odor issues,
there has yet to be an effective solution. One common issue with these solutions is that they are
trying to solve a complex, multifaceted problem that cannot be solved by addressing only a
single aspect of the problem at a time. Rather, it will require a multi-variable solution with
assistance from a software package that specializes in hydrologic and hydraulic design.

Figure 1.0.1: Map of the Andrée Clark Bird Refuge in relation to surrounding areas. Historically, there was a lagoon located in
the southwest corner of this photo, where the East Beach Volleyball Courts are now located.

Methods of analyzing the results of hydro-modification from urban development have
changed over time from hand-calculation procedures and formulas to complex, multivariable
modeling programs and software packages. While some of these programs are very similar in
how they operate, they often have different interfaces, inputs, and capabilities. Additionally,
some software packages have different sets of data and methodologies incorporated in the
2

program, such as statistical rainfall patterns, methods of calculating watershed runoff, and
routing methods. It is possible that these differences in applying hydrologic and hydraulic
principals can create different results between different software packages, even if they are
modeling the same area under identical conditions. This study explores this issue.
1.1– Statement of Research Questions
This research will compare the response of both current conditions and under a proposed
design solution for the model study site (the Refuge) by analyzing responses with two software
packages: Autodesk Storm and Sanitary Analysis (SSA) and the Army Corps of Engineers
Hydrologic Modeling System (HEC-HMS). The Refuge and surrounding watersheds will be
represented on each software package under two different design scenarios:
•

Current Conditions: These are the conditions that are present in the Refuge at the time of
this study, considering only the watershed that currently drains to the Refuge.

•

Proposed Conditions: These conditions represent historical alignments of nearby creeks
and watershed boundaries before urban development near the Refuge and surrounding
watersheds. This scenario allows for determination whether restoration of these historical
creek and watershed routings would improve circulation within the Refuge system.

Each of these two scenarios will be analyzed for three different responses:
•

Minimum Rainfall: Minimum Rainfall is defined as the smallest amount of cumulative
rainfall in order to allow the Beach Lagoon section of the Refuge to overtop a beach berm
and drain into the Pacific Ocean.

•

Maximum Rainfall: Maximum Rainfall is defined as the largest amount of rainfall that
before flooding occurs in the Large Lake Section of the Refuge. Flooding within the
Large Lake is defined as the Water Surface Elevation of the Large Lake reaching 7’,
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which is above the average elevation of the road that borders the Refuge on its southern
end, Cabrillo Boulevard.
•

2-year storm: A 2-year frequency storm defined by NOAA Atlas 14 is analyzed across all
models to determine consistency across the two software packages. Specifically, the 2year analysis will address four questions: What is the runoff from the watershed into the
Large Lake? Did the Beach Lagoon overtop? What is the weir flow from the Large Lake
to the Beach Lagoon? Finally, what is the peak flow from the Large Lake to the Beach
Lagoon?
Additional discussion will include the practicality and effectiveness of each software

package for this case study specifically, and broader considerations for how each package can be
used in industry to find solutions for problems caused by urban development. The terms used in
the categorization of the analysis will be further discussed in Section 2.1.
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2.0-Literature Review
The following section describes the historical background of the Refuge and the current
hydrological issues that it faces. This section also provides background on the modeling
programs and methodologies used in the analysis.
2.1-The Andrée Clark Bird Refuge
The Refuge is located within the City of Santa Barbara at 1400 E Cabrillo Boulevard. It
is bordered by Cabrillo Boulevard to the South and East, the Santa Barbara Zoo to the West, and
the Union Pacific Railroad and Los Patos Way to the North, as shown in Figure 2.1.1. The
Refuge is currently zoned as Parks and Recreation land and is maintained by the City of Santa
Barbara (City of Santa Barbara, 2018). The 42-acre site consists of a 32-acre, shallow, freshwater
lake to the north of Cabrillo Boulevard. This is defined as the Large Lake section of the Refuge.
To the south of Cabrillo Boulevard on East Beach is a small lagoon or catchment area varying
from 5,000-10,000 square feet in size (Anchor QEA and Tidal Influence, 2017). This area is
defined as the Beach Lagoon. The two areas are separated by a concrete weir and five 36”
culverts under Cabrillo Boulevard (Anchor QEA and Tidal Influence, 2017). The southern
lagoon has an invert elevation of about 2’ below sea level, while the Beach Berm has an 8’
elevation above sea level, preventing drainage into the ocean unless a large flow event overtops
the Beach Berm (Anchor QEA and Tidal Influence, 2017).

5

Figure 2.1.1: The Andrée Clark Bird Refuge topographic map (Anchor QEA/Tidal Influence, 2017). The Large Lake to the north
of Cabrillo Boulevard is the Large Lake, the small catchment area to the south of Cabrillo Boulevard is defined as the Beach
Lagoon, and the Beach Berm divides the Beach Lagoon from the Pacific Ocean.

The Refuge currently receives influent from a drainage off Barker Pass Road, as well as
two unnamed drainage features and the surrounding landscape of the 844-acre watershed
(Anchor QEA and Tidal Influence, 2017). The Barker Pass Drainage provides a low discharge
most of the year (except for high rainfall events), while the other two drainage features and
surrounding watershed provide influent only during rainfall events.
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Figure 2.1.2: Historical Drawing of the Refuge with Sycamore Creek connected at the southern end (Anchor QEA/Tidal
Influence, 2017)
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Figure 2.1.3: The Profile of the Beach Lagoon (Anchor QEA/Tidal Influence, 2017)

Historically, Sycamore Creek also entered the Refuge at its southern border along the
beach (Figure 2.1.2) and formed a lagoon where the East Beach Volleyball Courts are now
located, as shown in Figure 2.1.1 (Anchor QEA and Tidal Influence, 2017). Sycamore Creek
encompasses a 2600-acre watershed, which has potential to provide a larger inflow of freshwater
for the Bird Refuge than existing conditions (Anchor QEA and Tidal Influence, 2017). The
marsh area was converted into its current state in 1928 by digging out the marsh area and adding
additional vegetation through a donation by nearby landowner Hughette Clark (Anchor QEA and
Tidal Influence, 2017). The current alignment of Cabrillo Boulevard was completed in 1920, and
in 1938, the current weir/dam system was completed to allow drainage the northern lake (Anchor
QEA and Tidal Influence, 2017). The hydraulic connection between Sycamore Creek and the
Refuge then deteriorated after the construction of the weir/culvert system and Cabrillo
Boulevard, and now Sycamore Creek drains directly into the Pacific Ocean approximately 1000’
to the west of the weir/culvert system (Anchor QEA and Tidal Influence, 2017). All that remains
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of the former hydraulic connection between Sycamore Creek and the Refuge is the small beach
lagoon just to the south of Cabrillo Boulevard and the weir/culvert system, shown in Figure 2.1.3
(Anchor QEA and Tidal Influence, 2017).
Due to a lack of freshwater inflow, the Refuge only drains into the Pacific Ocean during
large rainfall events. There is very little circulation within the system, which is one of the causes
of poor water quality at the Refuge (City of Santa Barbara, 2018). The poor water quality causes
the Refuge to give off an odor that is displeasing and can be smelled in surrounding areas of the
Santa Barbara Waterfront a couple of days per year (City of Santa Barbara, 2018). In order to
combat the issue, in August 2012 the City of Santa Barbara began a long-term study for solutions
to improve the deteriorating water quality within the Refuge (City of Santa Barbara, 2018). An
Alternatives Report describing proposed solutions was published in August 2017 with assistance
from Anchor QEA. Additionally, a Project Description Report was published in March 2018,
stating the ultimate goals and requirements for the restoration of the Refuge (City of Santa
Barbara, 2018):
1) Construction of a low flow water treatment wetland on open space within the Municipal
Tennis Center on Old Coast Highway;
2) Improvement of the existing pathway on the north side of the lake extending from the
Los Patos Way parking lot to the third wildlife viewing platform;
3) Removal of the weir/dam at Cabrillo Boulevard;
4) Restoration of approximately 1.5 acres of dune habitat around the beach side;
5) Periodic breach priming of the sand berm at the mouth of the beach side lagoon.
Goals 3-5 from the City of Santa Barbara’s March 2018 project description suggest one
feasible solution for the problem at the refuge. However, the alternative solution of restoring
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Sycamore Creek drainage into the Refuge may cause the beach berm containing the beach
lagoon to breach at a more frequent rate (Anchor QEA/Tidal Influence, 2017). This more
frequent breaching would in turn prevent the need for periodic breach priming, prevent the need
of removing the weir/dam at Cabrillo Boulevard, and likely create more circulation within the
entire system of the Refuge. This increased circulation should improve water quality in the
Refuge, reducing the odor problems as well.
The anticipated response of the system to these proposed design solutions requires
analysis with software that is designed to use hydrologic data and run analyses on hydraulic
models. While there are multiple software packages that can do this analysis, the focus of this
study compares the analysis of two software packages: Autodesk Storm and Sanitary Analysis
(SSA) and the U.S. Army Corps of Engineers Hydrologic Modeling System (HEC-HMS).
2.2-Autodesk Storm and Sanitary Analysis
Autodesk Storm and Sanitary Analysis (SSA) is a software package that can be used to
model hydraulics, hydrology, and water quality (Autodesk, 2013). Some applications for the
software include but are not limited to designing drainage and sanitary sewer systems, modeling
water quality, and designing storm water control measures. Multiple hydrograph models and data
are already available for use within the software, and the software also accounts for different
types of processes for urban runoff (Autodesk, 2013). Within SSA, there are multiple elements to
help build drainage networks, including but not limited to rain gages, sub-basins, outfalls, and
inlets (Autodesk, 2013). A combination of these items defines a network, which represents a real
drainage system.
Networks within SSA use a sub-basin and node-link representation to define a model
(Autodesk, 2013). A sub-basin is a large area that can be analyzed hydrologically or
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hydraulically. Sub-basins in SSA may represent watersheds or catchment areas and drainage
basins, for example. Nodes associated with separate sub-basins act as points of interest that can
provide data such as head, flowrate, and many other hydraulic properties that are essential for
analysis (Autodesk, 2013). Nodes can be physically represented by smaller structures such as
manholes and inlets or outlets. However, they can also represent larger human-made or natural
structures such as detention basins, ponds, reservoirs, and lakes (Autodesk, 2013). For a model to
work, sub-basins and nodes need to be connected to each other via links. Links translate the
hydrological data and given inputs into different properties at a node. Physical examples of links
include constructed structures such as pipes, culverts, and open channels, or natural processes
such as sheet/overland flow and streams or rivers.
Creation and analysis of a network in SSA includes the following steps:
1. Define the default options and element properties to use in the analysis model.
2. Draw a network representation that represents the physical elements of the study area.
3. Edit the properties of the elements that make up the system.
4. Define the analysis options
5. Run the analysis.
6. View the analysis results.
To illustrate how a model might be developed, consider the example of determining the
peak surface runoff rate in a watershed. The first step would be to determine the default options
or element properties, such as what units to use for analysis. Next, the boundaries of the
watershed should be drawn, and any important hydrologic/hydraulic elements should also be
drawn in, such as a reservoir or conveyance system. Then, those elements should be edited to
include their specific properties. Some examples of specific properties include what type of
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infiltration method is used for the watershed, or, if there is a storage area within the watershed,
what type of outlet is used, how large is it, and is there more than one? Additionally, the system
should include the design precipitation events used for analysis. Following that step, defining the
analysis options include solving for peak flow for the total watershed. After determining the
analysis options, the next step is to run the analysis and then view the analysis results.
SSA is limited by only being able to analyze under static conditions for ground cover and
topography. Multiple analyses should be run if there is a single event that physically changes the
area of interest, or varying conditions for certain inputs of analysis. By following these steps,
SSA can analyze many types of hydraulic networks and can help engineers provide practical
solutions to complex issues involving hydrology and hydraulics.
2.2.1-TR-55 Hydrologic Analysis Method
SSA utilizes TR-55 for hydrological analysis such as determination of peak flow from a
watershed. TR-55 is a hydrologic analysis method developed by the United States Department
of Agriculture Natural Resources Conservation Service (USDA, NRCS) to depict the effect of
urbanization on small watersheds and is the default method of hydrology and time of
concentration analysis for SSA.
Urban development, according to the TR-55 manual, is defined by converting pervious
surfaces to impervious surfaces (USDA, 1986). In addition to land cover, the associated
parameters to determine peak runoff or a runoff hydrograph using TR-55 include time of
concentration (Tc ) and the rainfall amount and intensity. The governing equation for determining
peak runoff is:
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𝑄𝑝 = 𝑞𝑢 𝐴𝑚 𝑄𝐹𝑝

Equation 2-1 (USDA, 1986)

where:
𝑄𝑝 = Peak Discharge (cfs)
𝑞𝑢 = Unit Peak Discharge (cfs/in/sq. mi.)
𝐴𝑚 = Drainage Area (sq. mi.)
𝑄 = Runoff (in)
𝐹𝑝 = Pond and Swamp Adjustment Factor

Runoff (Q) for the watershed is determined by another equation:
(𝑃−𝐼 )2

𝑄 = (𝑃−𝐼 𝑎)+𝑆
𝑎

Equation 2-2a (USDA, 1986)

where:
𝑄 = Runoff (in)
𝑃 = Precipitation (in)
𝐼𝑎 = Initial Abstraction = 0.2𝑆
𝑆=

1000
− 10
𝐶𝑁

𝐶𝑁 = Curve Number
This equation can be rearranged into:
𝑄=

(𝑃−0.2𝑆)2
(𝑃+0.8𝑆)

Equation 2-2b (USDA, 1986)

Curve numbers represent the ability of water to percolate through a certain material such
as permeable soil or relatively impermeable concrete or asphalt. Each type of ground cover is
then further divided in hydrologic soil groups A-D, with soil group A representing soils and
ground cover of the highest permeability, and soil group D representing soils and ground cover
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with the lowest permeability. Once a curve number and the assumed rainfall are determined
(from either local agency values or NOAA Atlas 14), a total runoff depth can be solved for using
Equation 2-3. A ponding factor can be determined from finding the ratio of pond/swamp area
within the watershed to the total watershed area.
The final step before determining peak discharge is calculating the unit peak discharge
(𝑞𝑢 ), which is governed by the following equation:
log(𝑞𝑢 ) = 𝐶0 + 𝐶1 log(𝑇𝑐 ) + 𝐶2 log (𝑇𝑐 )2

Equation 2-3 (USDA, 1986)

Where:
𝑇𝑐 = Time of Concentration (hrs)
𝐶0 , 𝐶1 , and 𝐶2 are determined from Table 2.2.1.1 (Muleta, 2016)

Table 2.2.1.1: 𝐶0 , 𝐶1 , and 𝐶2 values as determined by Rainfall Type and the Initial Abstraction: 24-hr rainfall ratio

There are multiple methods for determining the unit peak discharge, but the method
𝐼

shown in Equation 2-3 requires constants derived from Table 2.2.1.1. If 𝑃𝑎 < 0.1, the C values
24

𝐼

𝐼

𝐼

24

24

24

for 𝑃𝑎 = 0.1 shall be used. If 𝑃𝑎 > 0.5, the C values for 𝑃𝑎 = 0.5 shall be used. 𝐼𝑎 represent
initial abstraction for the area of analysis, while 𝑃24 is the cumulative 24-hr rainfall.
Time of Concentration (𝑇𝑐 ) is the time it takes for water to travel from the most
hydraulically remote point of the watershed to the desired point of interest (USDA, 1986). 𝑇𝑐 can
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be categorized into three additional segments, depending on the type of flow over land: sheet
flow, shallow concentrated flow, and open channel flow. The travel time (𝑇𝑡 ) for each section
can be represented by:
𝐿

𝑇𝑡 = 3600𝑉

Equation 2-4 (USDA, 1986)

Where:
𝑇𝑡 = Travel Time (hrs)
𝐿 = Length of Path (ft)
𝑉 = Velocity (ft/s)
3600 = Unit Conversion Factor for seconds to hours
Each type of flow has a specific equation to determine travel time, with the assumptions
of shallow steady uniform flow, constantly intensity of excess rainfall (runoff), a rainfall
duration of 24 hours, and minor effect of infiltration on travel time (USDA, 1986). It is also
assumed that sheet flow only occurs for a maximum flow length of 300 feet. The governing
equation is defined as:
𝑇𝑡1 =

0.007(𝑛𝐿)0.8
(𝑃2 )0.5 𝑠0.4

Equation 2-5 (USDA, 1986)

Where:
𝑇𝑡1 = Sheet Flow Travel Time (hrs)
𝑛 = Manning’s roughness coefficient (table 3-1)
𝐿 = Flow Length (ft)
𝑃2 = 2-year, 24-hour rainfall (in)
𝑠 = land slope (ft/ft)
Sheet Flow transitions to Shallow Concentrated Flow after a maximum of 300’ flow
length. With a given land slope, an average velocity over the flow path can be determined using
15

Figure 3-1 (USDA, 1986). Equation 2-5 can then be used to determine the Shallow Concentrated
Flow Travel Time (𝑇𝑡2 ).

Figure 2.2.1.1: Shallow Concentrated Flow Slope vs. Velocity Chart (USDA, 1986).

Open Channel Flow is assumed where there is cross-sectional data, aerial photographs of
a channel, or a blueline stream appears on United States Geological Survey (USGS) quadrangle
sheets (USDA, 1986). Flow through open channels is governed by Manning’s Equation:
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𝑉=

1.49𝑅 2/3 𝑠1/2

Equation 2-6 (USDA, 1986)

𝑛

Where:
𝑉 = Average Velocity (ft/s)
𝑅 = Hydraulic Radius (ft) =

𝐶𝑟𝑜𝑠𝑠 𝑆𝑒𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝐴𝑟𝑒𝑎 (𝑓𝑡 2 )
𝑊𝑒𝑡𝑡𝑒𝑑 𝑃𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑒𝑟 (𝑓𝑡)

𝑠 = channel slope (ft/ft)
𝑛 = Manning’s Roughness Coefficient
The average velocity can then be placed into Equation 2-6 with the given flow length to
determine Open Channel Flow Travel Time (𝑇𝑡3 ). Time of Concentration can be determined by
summing the total flow path travel time.
𝑇𝑐 = 𝑇𝑡1 + 𝑇𝑡2 + 𝑇𝑡3

Equation 2-7 (USDA, 1986)

While the TR-55 method is commonly used in many water resource applications, it often
assumes uniformity among areas of analysis. Therefore, the method of TR-55 applied to software
packages can be more effective in modeling complex, non-uniform systems.
2.3-HEC-HMS
The Hydrologic Modeling System (HEC-HMS) was created by the Army Corps of
Engineers to enable modeling of hydrologic processes on watersheds, specifically precipitationrunoff processes (Scharffenberg et al., 2018). It can be used for multiple applications, including
but not limited to determining water availability, determining urban/non-urban drainage patterns,
and flood control analysis (Scharffenberg et al., 2018). HEC-HMS subdivides the user interface
into 3 areas: a watershed explorer listing all the elements of the model, such as watersheds,
streams, and reservoirs; the component editor, which lists the properties of the selected element;
and the desktop that shows the elements within the model and how they relate to each other
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(Scharffenberg et al., 2018). A key element that is not necessarily shown within the model is a
rain gage. It contains information about rainfall duration, amount, and can identify statistical
storm patterns of varying intensities (Scharffenberg et al., 2018). This rainfall is then distributed
over model-defined sub-basins (Scharffenberg et al., 2018). These sub-basins occur naturally as
smaller watersheds that collectively represent a larger watershed in total. Each of these subbasins receive precipitation from a rain gage, have multiple methods of infiltration that can be
used for model runs, and can be given coordinates to represent their location within the model
(Scharffenberg et al., 2018). In addition to a sub-basin, there are many additional hydrological
items that can be implemented into a HEC-HMS model: reservoirs, diversions, sinks, junctions,
and reaches are some of the hydrological elements that can be used within a HEC-HMS model
(Scharffenberg et al., 2018).
While HEC-HMS is a useful software package, there are limitations. The mathematical
models in the program assume that input values for items such as boundary conditions, initial
conditions, and parameters are represented by a single known value, not a representative range of
values (Scharffenberg et al., 2018). Additionally, these values are assumed to be time stationary,
meaning that they do not change over time (Scharffenberg et al., 2018). While this assumption
may be true for short duration analyses, it is possible for properties to change over longer time
intervals due to changing of seasons, significant natural events altering physical properties of a
watershed, or human activity. Another limitation of the software is the inability to split streams,
meaning that a single element within the model cannot transfer flow to two or more downstream
elements (Scharffenberg et al., 2018). Specific diversion elements can be added to remove some
flow, but a single element such as a watershed or reservoir cannot be split into multiple items
downstream by itself. For the purpose of this study, these limitations can be ignored, as there is
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an assumption that the physical properties of all elements are single, static values, and that each
element outfalls to a single element downstream.
With defined outlet information and other given information, HEC-HMS can route
surface runoff through many types of hydrological features to obtain flow data over time using
multiple methods of analysis. Setting up a HEC-HMS model requires identifying the necessary
elements for analysis. Once the necessary elements are entered, key inputs for each element must
be entered such as methods for analysis, ground cover, and structure dimensions representing the
element if there are any. After inputs for each element are entered, they must be connected to
indicate how the elements interact with one another, and what is the direction of flow within the
area of analysis. After the elements are connected within the model, the rain gage and type of
storm event for analysis shall be determined. Storm events may be customized based on
collected data or statistical storms based on common hydrological methods and assumptions.
Selection of type of storm event may be based on location of the analysis and common analysis
methods accepted by governing bodies of the area. Finally, items of analysis for each element
should be identified before running the model. By following these steps, engineers can
effectively use HEC-HMS to model complex systems and analyze multiple aspects to determine
solutions to potential problems.
2.3.1-SCS Unit Hydrograph
HEC-HMS uses the SCS Unit Hydrograph for hydrological analysis such as
determination of peak flow from a watershed. Victor Mockus (Snider et. al., 2007) developed
the SCS Unit Hydrograph method used by the Natural Resource Conservation Service (NRCS).
The commonly used Dimensionless Unit Hydrograph was developed after studying many
different types of watersheds and is based on time of concentration and peak flow rate (Snider et.
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al., 2007). Figure 2.3.1.1 is the plotted dimensionless unit hydrograph, while Figure 2.3.1.2 is the
tabular dimensionless unit hydrograph ratios for time and flow rate.

Figure 2.3.1.1: Unit Hydrograph

20

Table 2.3.1.1: Unit Hydrograph Table

Time to Peak (tp) is calculated from time of concentration for the watershed. In order to
determine time to peak, the time of excess rainfall with no runoff (∆D) must be calculated by:
∆D = 0.133𝑇𝑐

Equation 3-1 (Snider et. al., 2007)

Where:
∆D = Time of Excess Rainfall (hrs)
𝑇𝑐 = Time of Concentration (hrs)
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There are multiple methods for calculating Time of Concentration (Tc), but this study
used the TR-55 method as described in Section 2.2.1 to maintain uniformity across both versions
of the model. Time to Peak can then be calculated using:
𝑇𝑝 =

∆D
2

+𝐿

Equation 3-2 (Snider et. al., 2007)

Where:
𝑇𝑝 = Time to Peak (hrs)
∆D = Time of Excess Rainfall (hrs)
L = Watershed Lag (hrs)
𝐿 = 0.6𝑇𝑐

Equation 3-3 (Snider et. al., 2007)

Peak Flow Rate (𝑞𝑃 ) is calculated by Equation 3-4 (NRCS, 2007).
𝑞𝑝 =

484𝐴𝑄
𝑇𝑝

Equation 3-4 (Snider et. al., 2007)

Where:
𝑞𝑝 = Peak Flow Rate (cfs)
A = Drainage Area (sq. mi.)
Q = Runoff (in)
𝑇𝑝 = Time to Peak (hrs)
The constant of 484 within Equation 3-4 represents the Peak Rate Factor (PRF) for a
watershed (Snider et. al., 2007). PRFs range from 100 to 600 depending on the steepness of the
watershed and if there are swamp areas within the watershed (Snider et. al., 2007). 484 is the
number used within Equation 3-4 as it represents most watersheds (Snider et. al., 2007). Using
these equations, an inflow hydrograph for a Sub-Basin (watershed) can be created in HEC-HMS.
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3.0-Methods and Materials
Both SSA and HEC-HMS were used to compare the Refuge’s response to storm events.
These software packages were used to model the Refuge and the surrounding watersheds in both
the current and proposed design scenarios, as described in Section 1.1. This Section describes
the Refuge and both watersheds in detail, as well as how the two models were each set up to
analyze these features and their response to rainfall.
3.1-Watersheds and Resources
Runoff into the Refuge currently comes from the surrounding 844-acre watershed, and
historically also came from the Sycamore Creek Watershed. The delineation of this watershed
for this analysis was based on a PDF file that displayed the watershed and sub-watersheds within
the southern section of Santa Barbara County, as shown in Figure 3.1.1 (Campbell/Aube,
2019). I also based the delineation of the watershed off topographic DWG files from the Public
Works Department of the City of Santa Barbara, via the Santa Barbara County Flood Control
District (Campbell/Aube, 2019). The DWG files only contained City of Santa Barbara limits, so
I used visual interpretation to determine the limits of the watershed within the Montecito Water
District (Campbell/Aube, 2019). Differing from the process to determine the Refuge Watershed,
I used a shapefile for the Sycamore Creek Watershed from the County of Santa Barbara to
determine the limits of that respective and larger watershed, which was not dependent on the
confines of City Limits (Campbell/Aube, 2019). This delineation process of both the Sycamore
Creek Watershed and the Bird Refuge Watershed was applied to all versions of the Refuge
Model.
With both watersheds defined, the next step was to determine soil cover from the United
States Department Soil Web Soil Survey Application. I created a soil map representing both
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watersheds as shown in Figure 3.1.2 (Campbell/Aube, 2019). Curve numbers were then assigned
based on TR-55 designations for the different types of land use within each watershed
(Campbell/Aube, 2019). From previous observations and Google Earth imaging, I assumed that
the Refuge watershed had land use categories of 1/8-acre lots and 1-acre lots, as well as
undeveloped wooded and grassland areas with steep slopes (Campbell/Aube, 2019). For the
Sycamore Creek Watershed, I assumed lot sizes to be either 1/8-acre, 1/4-acre, or 1-acre lots
from estimations on Google Earth and previous observations (Campbell/Aube, 2019). The
delineation of both watersheds and their land uses were used in both models, but each of the
inputs were aligned in the model slightly differently, as discussed in further detail in Sections 3.2
and 3.3. Similar to the delineation of the watersheds, identical SCS curve numbers were used on
both models. Methods of creating uniform watersheds on both versions of the model were
applied differently and will be further discussed in Sections 3.2.1 and 3.2.2.
While the two versions of the Refuge Model were each slightly different (discussed
below), the analysis for each model was the same. In order to create a baseline to compare
routing the Bird Refuge Watershed and the combined Sycamore Creek/Bird Refuge Watershed, I
ran the model assuming the Refuge only receives runoff from its own watershed (current
conditions), and then I ran the model with proposed conditions, assuming the Sycamore Creek
Watershed surface runoff was routed into the Refuge (Campbell/Aube, 2019). I compared the
water surface elevations of the Beach Lagoon for different storm events, and then determined if
adding additional runoff from the Sycamore Creek Watershed increases the probability of the
Refuge draining into the ocean and inducing more water movement throughout the system.
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Figure 3.1.1: Map Southern Santa Barbara County Watersheds. The Bird Refuge Watershed is labeled “BR” and the Sycamore
Creek Watershed is composed of four sub-watersheds labeled “SY”.
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Figure 3.1.2: Soils Report for Area of Interest (AOI) within the City of Santa Barbara and the Montecito Water District
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3.2- Autodesk Storm and Sanitary Analysis Approach
SSA was used to model the Refuge and surrounding watersheds. Per City of Santa
Barbara requirements, I analyzed our model using the TR-55 method (as described in Section
2.4). Figures 3.2.1 and 3.2.7 present the model of the watersheds, the Refuge, and the weirculvert transfer system between the shallow lake and the beach lagoon (Campbell/Aube, 2019). I
used the same assumptions for the watersheds for Current and Proposed Conditions from Section
3.1 to delineate and identify important quantities about the Bird Refuge and Sycamore Creek
Watersheds. The inputs for the watersheds included SCS curve numbers for infiltration, size of
the watersheds, necessary inputs for TR-55, and downstream connections to the Large Lake.
Inputs for the Large Lake included size of the lake and outflow structures with necessary
geometry in relation to the Large Lake and Beach Lagoon. The Beach Lagoon inputs included a
weir to represent the Beach Berm, as well as total area of the Beach Lagoon. Section 3.2.1
discusses the delineation for the watersheds within the SSA version of the Refuge Model, while
Section 3.2.2 discusses the delineation of the Large Lake, Beach Lagoon, and outflow structures
for each body of water.
3.2.1- SSA Watershed Delineation
Figure 3.2.1.1 illustrates the current conditions with the Refuge only receiving inflow
from the Bird Refuge Watershed.
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Figure 3.2.1.1: Autodesk Storm and Sanitary Analysis (SSA) of the Refuge and the Bird Refuge Watershed
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Figure 3.2.1.2: Overview window for the Bird Refuge Watershed. Note the calculated time of concentration and weighted curve
number values.

Figure 3.2.1.2 is the overview page for the sub-basin editor on SSA, which represents the
watersheds within the SSA version of the Refuge Model. The sub-basin within this version of the
Model was titled “WildlifeRefuge”, and the calculated time of concentration and weighted curve
numbers are also displayed on this overview page. These values are calculated via the software
on the associated SCS TR-55 TOC and Curve Number Tabs shown within Figure 3.2.1.2, and
those tabs are shown within Figures 3.2.1.3 through 3.2.1.5.

Figure 3.2.1.3: Bird Refuge Sheet Flow Tab within the SCS TR-55 Time of Concentration Calculator
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Figure 3.2.1.4: Bird Refuge Shallow Concentrated Flow Tab within the SCS TR-55 Time of Concentration Calculator

Figure 3.2.1.5: Bird Refuge Channel Flow Tab within the SCS TR-55 Time of Concentration Calculator

Figures 3.2.1.3 through 3.2.1.5 are the representative flow types defined in the TR-55
method in order to calculate time of concentration for a watershed. Each representative flow tab
calculates total time traveled, and then these values are calculated to determine a time of
concentration (Tc) for the watershed in order to determine a unit peak discharge, as determined
by Equation 2-3 in Section 2.2.1. The peak flow rate is then determined by the runoff, as shown
in Equation 2-2 in Section 2.2.1. Land cover data is needed to determine a curve number for
infiltration rates. Figure 3.2.1.6 shows the Curve Number Tab within the Sub-Basin editor in
SSA.
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Figure 3.2.1.6: Bird Refuge Curve Number Tab within the Sub-basin editor in SSA

Figure 3.2.1.6 categorizes the curve numbers determined from land uses described within
Section 3.1. Based on the percentage of area each land category attributed over the Bird Refuge
Watershed, a weighted curve number was calculated to be 84.79. For identification purposes, this
value will be identified as 85, as curve numbers are identified as whole integers within the TR-55
manual. However, the weighted value shown in Figure 3.2.1.6 was used within the SSA software
for routing purposes. The values shown in Figure 3.2.1.6 are from previous analysis
(Campbell/Aube, 2019), which are shown in Table 1 of the Appendices.
Figure 3.2.1.7 is the proposed conditions version of the SSA Refuge Model, which
receives surface runoff from the Sycamore Creek Watershed as well as the Bird Refuge
Watershed.
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Figure 3.2.1.7: Autodesk Storm and Sanitary Model of the Refuge, the Bird Refuge Watershed, and the Sycamore Creek
Watershed
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Figure 3.2.1.8.: Overview window for sub-basin representing the Sycamore Creek Watershed

Figure 3.2.1.8 is the overview window representing the Sycamore Creek Watershed as
shown in Figure 3.2.1.7. The proposed conditions for analysis include the Bird Refuge
Watershed and Sycamore Creek Watershed. The processes for inputting time of concentration
and determining a weighted curve number are identical to the Bird Refuge Watershed set-up and
are shown in Figures 3.2.1.9 through Figure 3.2.1.11.
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Figure 3.2.1.9: Sycamore Creek Sheet Flow Tab within the SCS TR-55 Time of Concentration Calculator

Figure 3.2.1.10: Sycamore Creek Shallow Concentrated Flow Tab within the SCS TR-55 Time of Concentration Calculator

Figure 3.2.1.11: Sycamore Creek Channel Flow Tab within the SCS TR-55 Time of Concentration Calculator

Figures 3.2.9 through 3.2.11 are the representative flow types defined in the TR-55
method in order to calculate time of concentration for a watershed. Each editor as shown in
Figure 3.2.9 through 3.2.11 demonstrates the possibility to divide a watershed into multiple subareas. Due to a lack of precise ground data, this was not done within this study. As previously
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stated, each representative flow tab calculates total time traveled, and then these values are
calculated to determine a time of concentration (Tc) for the watershed in order to determine a
unit peak discharge, as determined by Equation 2-3 in Section 2.2.1. The peak flow rate is then
determined by the runoff, as shown in Equation 2-2 in Section 2.2.1, and land cover data is
needed to determine a curve number for infiltration rates. Figure 3.2.12 is the Curve Number Tab
within the Sub-Basin editor in SSA for the Sycamore Creek Watershed.

Figure 3.2.1.12: Sycamore Creek Curve Number Tab within the Sub-basin editor in SSA

Figure 3.2.1.12 categorizes the curve numbers determined from land uses described
within Section 3.1. Based on the percentage of area each land category attributed over the Bird
Refuge Watershed, a weighted curve number was calculated to be 83.06. For identification
purposes, this value will be identified as 83, as curve numbers are identified as whole integers
within the TR-55 manual. However, the weighted value shown in Figure 3.2.1.12 was used
within the SSA software for routing purposes. The values shown in Figure 3.2.1.12 are from
previous analysis (Campbell/Aube, 2019), which are shown in Table 2 of the Appendices.
3.2.2- Large Lake, Beach Lagoon, and Outflow Structure Delineation
The Large Lake and Beach Lagoon were both modeled with area-elevation relations
based off of the topographic map shown in Figure 2.1.1. Figures 3.2.2.1 and 3.2.2.2 are the
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storage curves representing the area-elevation relationships defining both bodies of water. The
underground storage calculator window on both Figures 3.2.2.1 and 3.2.2.2 was left at the default
values and not used.

Figure 3.2.2.1: The Large Lake Storage Curve
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Figure 3.2.2.2: The Beach Lagoon Storage Curve

The Large Lake in the Refuge has five 36” culverts and a 40’ long broad-crested weir for
outflow structures. Figure 3.2.2.3 is the editor within SSA for culverts, while Figure 3.2.2.4 is
the editor for the weir. The culverts are represented as one entity, but the 5 barrels represent the
five separate culverts.
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Figure 3.2.2.3: The SSA editor for the Culverts within the SSA version of the Refuge Model
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Figure 3.2.2.4: The SSA editor for the Large Lake Weir

The Beach Lagoon does not have a defined outflow structure. Rather, the Beach Berm
acts as a malleable outflow structure that changes over time due to natural processes. For the
purposes of this analysis, the Beach Berm was modeled as a broad-crested weir, as shown in
Figure 3.2.2.5. The Beach Berm was modeled as a broad-crested weir because that structure was
the determined to most likely mimic the Beach Berm at this site. However, as explained in
Section 3.3.1, SSA was limiting with the choice of Outflow Structures, and the Beach Berm was
modeled differently within the HEC-HMS version of the Refuge Model.

39

Figure 3.2.2.5: The SSA editor for the Beach Berm, represented as a 65’ long Broad-Crested Weir

3.3-HEC-HMS Approach
I created a HEC-HMS model using sub-basins to represent the Sycamore Creek
Watershed and the Bird Refuge Watershed. Within the model, both sub-basins connected
downstream to the Large Lake of the refuge, represented by a reservoir. As stated previously,
this shallow lake also has an outlet structure consisting of five 36” culverts and a broad crested
weir. This reservoir then drained into the small beach lagoon, also represented by a reservoir.
Section 3.3.1 describes the Current Conditions model for HEC-HMS in depth, while Section
3.3.2 elaborates on the Proposed Conditions HEC-HMS version of the Refuge Model.
3.3.1-HEC-HMS Current Conditions
Figure 3.3.1.1 is an overview of the Current Conditions within the HEC-HMS version of
the Refuge Model. Contained within this model is the Bird Refuge Watershed, the Large Lake,
and the Beach Lagoon. The Large Lake contains five 36” diameter culverts and a broad-crested
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weir that drain to the Beach Lagoon, while the Beach Lagoon’s outflow structure is defined as
the Beach Berm. The Beach Berm was defined as a dam top that experiences dam break after it
reaches a defined trigger elevation.

Figure 3.3.1.1: The Refuge Model based on current conditions within HEC-HMS

Figures 3.3.1.2 through 3.3.1.4 are the inputs for the Bird Refuge Watershed, including
the area, loss method, and routing method used within the model. The weighted curve number
and time of concentration from the SSA model was used within the HEC-HMS model in order to
maintain uniformity across both the SSA and HEC-HMS version of the model under Current
Conditions.
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Figure 3.3.1.2: Surface Area, Loss Method, and Transform (routing) Method for the Bird Refuge Watershed

Figure 3.3.1.3: Loss Method Inputs for the Bird Refuge Watershed

Figure 3.3.1.4: Transform Method Inputs for the Bird Refuge Watershed

In addition to the outflow structures within the Large Lake previously mentioned, the
Large Lake also has a paired data relation, representing the area-elevation for the water surface
elevation (WSE) of the Large Lake, showing how the surface area of the Large Lake increases as
the depth or WSE increases. Figures 3.3.1.5 through Figures 3.3.1.8 represent the WSE vs. Area
of the Large Lake and the outflow structures of the Large Lake draining into the Beach Lagoon.
The elevation-area relationship for the Large Lake is based off of Figure 2.1.1.
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Figure 3.3.1.5: The Elevation-Area Relationship for the Large Lake.

Figure 3.3.1.6: The Large Lake Information Overview Editor
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Figure 3.3.1.7: The input editor for the Large Lake Culverts. The model contains five of these culverts

Figure 3.3.1.8: The input editor for the Large Lake Broad-Crested Weir

Similar to the Large Lake, the Beach Lagoon contains an elevation-area relationship, and
the Beach Berm is modeled as a dam top, with dam break potential once the water surface
elevation reached the peak of the Beach Berm. A dam top and dam break scenario were chosen
to model the Beach Berm because the Beach Berm is not a rigid structure such as a broad-crested
weir. Figures 3.3.1.9 through 3.3.1.12 show the input editors for the Beach Lagoon, the Dam
Top, and the Dam Break. Like the Large Lake, the elevation-area relationship for the Beach
Lagoon was determined using Figures 2.1.1 and 2.1.2.
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Figure 3.3.1.9: Water Surface Elevation and Area Relationship for the Beach Lagoon

Figure 3.3.1.10: Beach Lagoon Information Overview Editor

Figure 3.3.1.11: Dam Top Editor for the Beach Lagoon
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Figure 3.3.1.12: Dam Break Editor for the Beach Lagoon

For calibration purposes, I first used the minimum and maximum total cumulative rainfall
that caused the Beach Lagoon to overtop in the SSA model runs to start my initial analysis to
determine a minimum and maximum rainfall for current and proposed conditions. If those
cumulative rainfalls did not match the SSA values, then HEC-HMS iteration continued until
cumulative rainfalls that satisfied minimum and maximum rainfall criteria were determined.
3.3.2-HEC-HMS Proposed Conditions
Figure 3.3.2.1 is an overview of the Proposed Conditions within the HEC-HMS version
of the Refuge Model. This model is identical to the Current Conditions version of the HEC-HMS
model except for the addition of surface runoff from the Sycamore Creek Watershed. The
Sycamore Creek Watershed was defined as 2 watersheds within the model: one representing the
developed portion of the watershed, and one representing the undeveloped portion of the
watershed.
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Figure 3.3.2.1: The HEC-HMS model of the proposed re-routing of Sycamore Creek

Figures 3.3.2.2 through 3.3.2.4 represent the conditions of the undeveloped watershed.
Due to the set-up for this HEC-HMS model, the Sycamore Creek Watershed was divided into the
undeveloped and developed portion, as represented in Figure 3.3.2.1. Due to this division, new
weighted curve numbers were determined for the representative watershed based off of land
categories from Table 2 within the Appendix.
HEC-HMS is limited to having the sub-basin element only flow downstream to physical
structures such as the Large Lake, not another sub-basin, so runoff from the undeveloped upper
watershed is show as flowing directly into the Large lake. The time of concentration remained
constant from the SSA calculations, as the upper undeveloped watershed includes the most
hydraulically remote point. Using the previously calculated time of concentration maximized
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consistency between the two models. Due to limited surface data, the upper Sycamore Creek
Watershed was not divided into further sub-basins.

Figure 3.3.2.2: Sycamore Creek Undeveloped Watershed Information Overview Editor

Figure 3.3.2.3: Sycamore Creek Undeveloped Watershed Loss Method Editor

Figure 3.3.2.4: Sycamore Creek Undeveloped Watershed Transform Method Editor

Figures 3.3.2.5 through 3.3.2.7 represent the conditions of the lower developed portion of
the Sycamore Creek Watershed. Similar to the undeveloped portion of the watershed, the curve
number reflects developed land categories only. Due to the fact that this developed portion was
the lower part of the watershed, the time of concentration was modified to account for the less
pervious surfaces compared to the undeveloped portion of the watershed. The new time of
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concentration was about 15 minutes less than that of the entire watershed, and detailed calculated
are within Table 3 of the Appendix.

\
Figure 3.3.2.5: Sycamore Creek Undeveloped Watershed Information Overview Editor

Figure 3.3.2.6: Sycamore Creek Developed Watershed Loss Method Editor

Figure 3.3.2.7: Sycamore Creek Developed Watershed Transform Method Editor

3.4–Additional Assumptions
I assumed that the conditions of the site remain constant over time through analysis.
While site conditions have and likely will change over time, the software packages being used
can only input site conditions as a constant over time. For all software packages, I only analyzed
24-hour storms, as the SSA model incorporated the TR-55 method at different points in analysis,
and TR-55 assumes a 24-hour storm. Additionally, all of the proposed storm events followed a
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NRCS Type-I storm intensity pattern. Finally, I assumed that relative base flow within the
Refuge and surrounding watersheds was 0 cubic feet per second (cfs).
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4.0-Results
My analysis considered two different design scenarios: current conditions and proposed
rerouting of Sycamore Creek into the Refuge. For each design scenario, three system responses
were determined: the minimum rainfall to crest the beach lagoon berm, the maximum rainfall
before flooding occurs (as defined by overtopping of Cabrillo Blvd.), and response to a two-year
frequency storm event for the region. Results for all three analyses are presented below,
followed by discussion of the likely cause for variation between the two packages.
4.1-Maximum and Minimum Rainfall under Current Conditions
Table 4.1.1 identifies the minimum rainfall amount to allow the Beach Lagoon to overtop
and flow into the ocean (Min. Rainfall), and the maximum rainfall amount before flooding
occurs in the Large Lake part of the Refuge (Max. Rainfall).
Table 4.1.1: Minimum and Maximum Rainfall under Current Conditions
Software Package
SSA
HEC-HMS
% Difference

Min Rainfall (in) Max Rainfall (in)
1.09
6.95
1.09
8.45
0%
17.6%

Both the HEC-HMS and SSA versions of the model have identical minimum rainfalls
that trigger the beach berm to overtop. However, the HEC-HMS version of the Refuge model has
a maximum rainfall 17.6% larger than the SSA version of the model.
4.2-Maximum and Minimum Rainfall for Proposed Re-routing of Sycamore Creek
Similar to Table 4.1.1, Table 4.2.1 identifies the minimum rainfall amount to allow the
beach lagoon to overtop (Min Rainfall), as well as the maximum rainfall (Max Rainfall) before
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flooding occurs in the Large Lake part of the Refuge, assuming flow from Sycamore Creek and
the Sycamore Creek watershed is routed to the large Lake.
Table 4.2.1: Minimum and Maximum Rainfall under Proposed Conditions
Software Package
SSA
HEC-HMS
% Difference

Min Rainfall (in) Max Rainfall (in)
0.76
2.93
0.63
3.33
20.6%
12.0%

The results of the proposed conditions analysis show that the minimum and maximum
rainfall decreased on both software packages. This was the expected result, as a larger, combined
watershed would be expected to yield the same amount of surface runoff from a smaller amount
of rainfall as a larger storm event over the smaller watershed used in the current conditions
model. Unlike the Current Conditions analysis, the proposed re-routing of Sycamore Creek had
different maximum and minimum rainfalls across the HEC-HMS and SSA version of the Refuge
Model. The SSA Model had a minimum rainfall 20.6% larger than the HEC-HMS version of the
Refuge Model, but the HEC-HMS model had a maximum rainfall 12% larger than the SSA
Refuge Model.
Additionally, the range of acceptable rainfall, the infinite amount cumulative rainfalls
between the minimum and maximum rainfall, is 2.17” for the SSA model, while the HEC-HMS
version of the Refuge Model has an acceptable range of 2.70”, a 24% larger range than the SSA
version of the Refuge Model.
4.3-Two-Year Storm Event Analysis
Tables 4.3.1 and 4.3.2 compare the results for a 2-year storm with both proposed and
current conditions on the SSA and HEC-HMS versions of the Refuge Model.
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Table 4.3.1: 2-Year Frequency Storm Analysis for Current Conditions
Software
Package
SSA
HEC-HMS

Does the Beach
Lagoon Drain?
YES
YES
% DIFFERENCE

Does the
weir crest?
NO
NO

Peak Flow from
Large Lake into
Beach Lagoon (cfs)
61
125
104.9%

Peak flow into
Large Lake
from Refuge
Watershed (cfs)
470
303
35.5%

Table 4.3.2: 2-Year Frequency Storm Analysis for Proposed Conditions
Software
Package
SSA
HEC-HMS

Does the Beach
Lagoon Drain?
YES
YES
% DIFFERENCE

Does the
weir crest?
YES
YES

Peak Flow from
Large Lake into
Beach Lagoon (cfs)
654
736
11.1%

Peak Flow into
Large Lake
from Combined
Watersheds (cfs)
2278
1490
52.9%

As stated in Section 4.2, with an increase of watershed area in the proposed conditions
scenario, the same amount of rainfall may show different responses due to the larger total
contributing watershed in the proposed conditions than the current conditions. Assuming a 2year frequency, 24-hour storm for the City of Santa Barbara results in a cumulative total of
3.50”, the Beach Lagoon drains into the Beach Berm in both current and proposed versions of
the Refuge Model.
Under current conditions, the weir within the Large Lake does not over-top in either
model, while the 2-year storm under proposed conditions does cause flooding from the large
lake. These results agree with those shown in Table 4.2.1, indicating that a 2-year storm exceeds
the Max. Rainfall threshold.
The percent difference in peak runoff rates flowing from the Large Lake into the Beach
Lagoon differ significantly across both models for current and proposed conditions, from just
over 11.1% (proposed conditions) to almost 104.9% (current conditions). Similarly, the percent
difference in peak runoff values from the watershed(s) into the Large Lake vary significantly as
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well, though over a smaller range. These values vary from 35.5% (current conditions) to 52.9%
(proposed conditions). After further analysis of both versions of the Refuge Model, likely causes
of these differing values are discussed in Section 4.4.
4.4-Discussion of Autodesk Storm and Sanitary Analysis (SSA) vs. HEC-HMS Results
The differences in maximum and minimum cumulative rainfall for the Refuge Model
varies significantly between different software packages. Due to a lack of accurate terrain data,
certain assumptions had to be made when setting up both the HEC-HMS and SSA versions of the
Refuge Model, limiting potential application of these results. However, after looking at the
variable inputs for each model, there were two key differences within both versions of the
Refuge Model that caused variances in the results: the difference in infiltration and routing
methods between the two versions of the Refuge Model, and differences of representing the
beach berm within both versions of the Refuge Model.
SSA hydraulic routing uses the Kinematic Wave Routing instead of the time step
reservoir routing applied within HEC-HMS. Kinematic routing only works for pipes flowing at
90% capacity or less (MacArthur and DeVries, 1993), and at flood conditions those culverts
would be flowing full. Additionally, the SSA user manual states that excess flow during full
flowing events through pipes causes additional ponding near the inlet. This difference explains
why the SSA Maximum Rainfall is much smaller than the HEC-HMS Maximum Rainfall, for
both Current and Proposed Conditions, as there is excess ponding near the culvert outlets during
full flow. The kinematic wave routing vs. time step routing also explains why the 2-year peak
flows from the Large Lake to the Beach Lagoon are larger on the HEC-HMS model than the
SSA model. A two-year storm event creates full flow in the culverts, and the SSA model is
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ineffective at modeling full-flow events and therefore likely to be less accurate than HEC-HMS
in this particular case.
However, routing method does not account for the flow differences entering the Large
Lake from the Surrounding Watersheds. The difference for inflow into the Large Lake is
explained by the differing hydrologic routing methods. SSA uses the TR-55 method for
hydrologic routing, while the HEC-HMS version of the Refuge Model used the SCS Unit
Hydrograph Method as described in Section 2.3.1. The SCS Unit Hydrograph method yields
similar results to the TR-20 method (Iannicelli and Dringoli, 2019). TR-20 is a method based on
the same concepts as TR-55 but is more precise compared to the TR-55 method, as TR-55 was
created to be used a hand calculation method. TR-20 was created to be used as a computer
software, allowing more precise calculations (NRCS, 1992). This difference could explain why
both versions of the model had significantly different peak flow rates into the Large Lake for a 2year storm.
In addition to the infiltration methods for calculating runoff, both models had slightly
different methods for determining infiltration values for the area of interest. The SSA version of
the Refuge Model can input differing curve numbers within one area by using area-based
percentages for each curve number. The HEC-HMS version of the Refuge Model only used
composite curve numbers for a standard sub-basin. One solution to this issue is to use Gridded
Data, which can be entered into HEC-HMS to account for differing curve numbers over a single
watershed. However, that was not done for this study due to lack of available data. The
composite curve number for both the proposed and current HEC-HMS models resulted in
smaller peak runoff values than sectionally defined sub-basins within the SSA model. Even with
separating the Sycamore Creek Watershed into 2 separate sub-basins to differentiate developed
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and undeveloped areas, the peak runoff from the HEC-HMS model was still about 53% smaller
than the SSA Model. These differences for determining runoff are essential to understanding
how a drainage model operates and creates a deeper understanding of the modeled conditions.
Based off this analysis, I believe the HEC-HMS was more accurate due to using the preferred
hydraulic routing method for the culverts connecting the Large Lake and Beach Lagoon, as well
as a more precise hydrologic routing method for determining runoff from the watersheds.
Like the differences in inputs for surface runoff analyses, methods of analyzing the beach
berm were different between the SSA and HEC-HMS versions of the Refuge Model. The SSA
version modeled the beach berm as a weir, while the HEC-HMS version modeled the beach berm
as a dam break. All the possible consistent inputs relating to the beach berm across the two
models are identical, but the dam break (HEC-HMS) considers side slopes and base elevation, as
well as a trigger elevation that can be lower than the top elevation of the dam that are not options
in the weir analysis (SSA). The HEC-HMS model provides a more accurate representation
compared to the SSA model because the dam break considers variables of stability such as side
slopes, trigger heights, and methods of triggering dam overtopping. Due to the unstable nature of
a beach berm and potential for it to change shape more than an assumed concrete weir, the dam
break seems like a more realistic interpretation of beach berm overtopping than a weir. However,
based on the inputs for the weir in Figures 3.2.2.5, the similarities between both the weir and
dam top/dam break likely would not cause drastic differences between the HEC-HMS and SSA
models. They have the same crest elevation and identical elevation-area relationships, making
any difference cause by the difference in modeling to be not as significant between the differing
methods of routing runoff.
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As discussed in Sections 4.1-4.3, key results differed significantly between the HECHMS and SSA versions of the Refuge Model. Minimum and Maximum Rainfalls were
considerably different for both current and proposed conditions, and 2-yr frequency storm results
showed different peak flow values entering and exiting the Large Lake under current conditions
and proposed conditions. While the differences in modeling the Beach Berm between SSA and
HEC-HMS might have caused differences between the minimum rainfall, the key factors for
differences between maximum rainfalls and 2-year peak flow rates are were the differences in
setting up infiltration methods, as well as the differences with hydrologic and hydraulic routing
methods.
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5.0-Conclusion
While there is much more scrutiny over urban development via permitting and
compliance measures today than in previous times, urban development and re-routing of streams
and channels will continue to happen. Many of the analyses to determine re-routing or
restoration require calculations that can be tedious to solve by hand, and drainage software
packages are often used to analyze these multi-input systems. Each software package can have
varying levels of precision and different inputs that can create seemingly identical models to
have varying results.
The HEC-HMS and SSA versions of the Refuge Model were almost completely identical.
However, methods of infiltration, routing methods, and differences modeling the Beach Berm
caused different responses between SSA and HEC-HMS. The maximum and minimum rainfalls
did not differ by more than 20% between both versions of the model, but the peak flows into and
out of the Large Lake differed more significantly, by more than 100% in one case. This
significant reflects a difference in hydraulic routing methods and input of infiltration methods
between the two software packages.
While it was not used in the analysis, Anchor QEA provided a completed model of the
Refuge using the Army Corps of Engineers River Analysis System (HEC-RAS). This model
provides accurate horizontal and vertical data for the culverts and weir connecting the Large
Lake and Beach Lagoon. However, the model assumed that there was periodic dredging,
removing the Beach Berm and creating a profile similar to that shown within Figure 5.0.2.
Additionally, the HEC-RAS model does not include the surrounding watersheds and cannot do
hydrological analysis. Therefore, flow data must be acquired to run the model accurately. HECHMS or SSA could be used to do a hydrological analysis to determine inflow hydrographs to the
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Large Lake Section of the Refuge, and the HEC-RAS model could then be used to determine
water surface elevations within the Large Lake and the Beach Lagoon. HEC-RAS offers a more
precise hydraulic analysis not available in SSA or HEC-HMS. The combination of HEC-HMS or
SSA for hydrologic analysis of the watersheds with HEC-RAS for hydraulic analysis may yield
the greatest opportunity for refinement of design and analysis. However, for the purposes of this
study, this potential analysis will not be explored further as the Anchor QEA model was a
conceptual model that did not use current or calibrated site data. However, it is mentioned as a
demonstration how the current HEC-HMS and SSA models could be modified to determine
inflow hydrographs for the Refuge.

Figure 5.0.1: The Anchor QEA HEC-RAS model. The gridded area represents the Large Lake, while reach with cross sections
represents the Beach Lagoon and Outflow Structures for the Large Lake.
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Figure 5.0.2: The Profile of the Beach Lagoon assuming periodic dredging of the Beach Berm within the HEC-RAS Model
provided by Anchor QEA.

Comparing HEC-HMS and SSA to each other, both software packages and very similar
capabilities. It is possible to create identical models using both software packages that should, in
theory, have identical results. However, using the methods within this study has shown that the
both versions of the model produced different results. There is not a distinguishing characteristic
of either model that sets one drainage software package apart from the other. However, it is
necessary to make sure the analysis methods used for hydrologic and hydraulic analysis on each
software package are used under the correct assumptions to prevent errors within analysis.
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Appendix

Table 1: Bird Refuge Watershed Curve Numbers. A multiplier was used to edit the
representative curve number areas, as the total area does not add up to 844 acres
Land Use

Area (sq. ft)

1/8 acre lots

2597991.751

1 acre lots

18457496.13

1/4 acre lots

14860508.06

total

35915996

Bird Refuge Watershed
Area (ac.) soil group
B
60
C
D
B
424
C
D
B
341
C
D
825

Area (sq. ft)
0
0
2593095
0
5330586
13126910
0
2604380
12256128
35911099

Area (ac.)
0
0
60
0
122
301
0
60
281
824

CN
85
90
92
68
79
84
75
83
87

Table 2: Sycamore Creek Watershed Curve Numbers. A multiplier was used to edit the
representative curve number areas, as the total area does not add up to 2600 acres

Land Use

Area (sq. ft)

1/8-acre lots
(dense)

14667189.11

1-acre lots
(dev.)

39912176.55

Undeveloped

24212739.11

total

Sycamore Creek Watershed
Area (ac.) soil group Area (sq. ft)
A
586320
B
2074837
337
C
2234410
D
9771622
A
24946
B
762020
916
C
8984657
D
30140554
A
1426612
B
0
556
C
11037120
D
11749007
1809
78792105
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%
Area (ac.)
13.5
47.6
51.3
224.3
0.6
17.5
206.3
691.9
32.8
0.0
253.4
269.7
1808.8

CN
77
85
90
92
51
68
79
84
49
69
79
84

4.00%
14.15%
15.23%
66.62%
0.06%
1.91%
22.51%
75.52%
5.89%
0.00%
45.58%
48.52%

Weighted
Curve
Number

90.1

82.5

79.7

Table 3: TR-55 Time of Concentration Calculations for Sycamore Creek Developed Watershed
Sycamore Creek
Sheet Flow
L (ft)
300
n
0.2
P2 (2-yr, 24hr)
3.5
Slope (%)
12%
Tt1 (hr)
0.23
Shallow-Conc. Flow
Slope (%)
10%
V (ft/s)
5.1
L (ft)
1000
Tt2 (hr)
0.05
Channelized Flow
n
0.03
L (ft)
10380
Slope (%)
6%
A (sq. ft)
189
P (ft.)
51
V (ft/s)
29.1
Tt3 (hr)
0.10
Tc (hr)
0.38
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